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Summary: A reliable method is described for the determination of urinary orotic acid. The orotic acid is separated
quickly and easily from the urine by anion exchange chromatography. Reference values are reported for children.
The method is suitable for the differentiation of those inherited metabolic defects that lead to hyperammonemia.
Bestimmung der Orots ure im Urin bei Kindern
Zusammenfassung: Wir beschreiben eine zuverl ssige Methode zur Bestimmung der Orots ure im Urin. Die Auftren-
nung durch Anionenaustauschchromatographie ben tigt einen minimen Arbeitsaufwand. Referenzwerte f r Kinder
werden angegeben. Die Methode eignet sich zur Differenzierung von erblichen Stoffwechseldefekten, welche zur
Hyperammon mie fuhren.
Introduction
Orotic acid is an intermediate in pyrimidine synthesis.
An increase in the urinary excretion of orotic acid is
found in primary orotic aciduria (1) and in inborn
errors of urea synthesis (2). Its determination in urine
is useful in the differential diagnosis of hyperammonemia
in children. We describe an anion exchange Chromato-
graphie method which is rapid, simple and reliable, and
suitable for low concentrations of orotic acid.
Materials and Methods
Orotic acid monohydrate was obtained from Sigma (St. Louis).
Animex A-25 (chloride form, particle size 17.5 /on, BIORAD,
Richmond), converted to the formate form, was used in a
0.5 X 18 cm glass column (HGT-S ule, Serva^Technik, Heidel-
berg). Aqueous formic acid (Merck p. a.), 4 mol/1, was used as
eluent. It was degassed under vacuum prior to use. The eluent
was pumped through the column at a rate of 0.84 ml/min and a
pressure of 690 kPa with a positive displacement pump (Milton
Roy), the absorbance of the eluent was continuously monitored
in a 200 μΐ flow cell (Hellma, Mullheim, d = 1 cm) with a
spectrophotometer set at 280 nm (LC 55, Perkin Elmer) and
registered with a recorder at 0.04-0.2 absorbance full scale. The
peak height was used for calculating concentrations.
TTie urine samples were adjusted to pH 7-8 with NaOH
(6 mol/1), mixed, and centrifuged at 2000 g. 0.50 ml of the
supernatant was applied to the column with the aid of a sample
loop.
Creatinine was determined by a modified Jaffe reaction on the
Greiner selective analyser (GSAII) (3). Urine samples for
reference values were obtained from healthy neonates, from
healthy children in a day care center, and from hospitalised
children suffering from nonmetabolic diseases including febrile
conditions.
Recovery experiments were done by determination of orotic
acid in urines spiked with four different concentrations of
orotic acid. Daily determinations of each of these urines were
performed over six days. The day to day precision was calculated
from these replicates. The intraseries precision was calculated
from a patient's sample analysed serially ten times.
Results
Orotic acid elutes at 57 ml, (orotidine at 33.2 ml). The
recovery of different concentrations of orotic acid
added to urine containing no measurable orotic acid
are shown in table 1. Data on the day to day precision
are also included. The coefficient of variation of 10
replicates of a patient's urine containing 104 μηιοΐ/ΐ of
orotic acid, analysed in a series was 1.95%. The method
is linear from 2 up to at least 250 μηιοΐ/ΐ. Technician
time for one determination is less than ten minutes.
Figure 1 shows the chromatogram of a normal urine
with that of a patient with ornithine transcarbamylase
(EC 2.1.3.3.) deficiency superimposed. No interfering
substances have been found so far in the urines of
patients with a variety of disorders including tyrosinemia
andLesch-Nyhan-Syndiome. Reference values for
children are shown in table 2. We only give median values
and ranges since the analysis of distribution 'of the
population is not symmetric. It appears that hospitalized
children with no disease leading to hyperammonemia
have a slightly higher orotic acid excretion than healthy
children, but still much less than patients with congenital
disorders of the urea cycle.
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Tab. 1. Recovery of orotic acid added to urine and day to day
precision.
Orotic acid,
calculated
(μηιο1/1
4
16
64
128
final concentration
measured
(Mmol/1)
3.6
14.6
60.6
122.1
Recovery
(%)
89.3
91.1
94.7
95.4
Precision
(CV, day
to day
(n = 6))
(%)
17.7
10.5
5.2
3.9
45 60
t [min]
Fig. 1. Chromatogram of a urine of a normal child ( ), and
of the urine (diluted 1:10) of a patient with ornithine
transcarbamylase deficiency ( ). The arrow indicates
the orotic acid peak.
Tab. 2. Reference values (children).
Orotic acid
(Mmoi/l)
Median Range
(μπιοΐ/g creatinine)
Median Range
Newborns (n = 8) 2.1 0.73-8.0
Hospitalized
children:
1 month-1 year 1.6 0.44-7.8
(n=12)
lyear-7 years 1.8 0.45-6.4
(n = 8)
Healthy children
(n = 22)
2-14 years
12.1 6 -29
5.4 1.7-34
2.2 0.7- 3.9
trace trace—1.5 trace trace—1.7
Discussion
The present method is reliable, rapid, more sensitive and
less cumbersome than the cplorimetric procedure of
Adachi et al. (4). Interference with the colorimetric
method by various substances has been discussed by
Kesner (5), who described a separation on silicic acid.
Our method involves less working time than the latter.
Animex A^-25 gives a better separation of the urinary
compounds absorbing at 280 rim than Dowex I (6). It is
also more sensitive.
Although more rapid Chromatographie systems have
been described involving high pressure liquid chromato-
gr phy (7), their practicability is hampered by time
consuming sample preparation.
The method described herein has proved its usefulness
during the last five years for the noninvasive diagnosis
of ornithine transcarbamylase deficiency, delineating
this disorder from other causes of hyperammonemia.
Patients with ornithine transcarbamylase deficiency
exhibit a nonspecific mino acid pattern in plasma and
urine, whereas citrullinemia, argininosuccinic aciduria
and argininemia can be diagnosed by the aminp acid
chromatography. The urispecific amino acid pattern of
ornithine transcarbamylase deficiency cannot be differ-
entiated from that found in several other disorders
leading to hyperammonemia, like carbamyl phosphate
synthetase deficiency or organic acidurias (propionic
acidemia, methylmalonic acidemia, disorders of biotin
metabolism). These conditions do not lead in our
experience to orotic acid elevation. In ornithine trans-
carbamylase deficiency, however, orotate is markedly
increased (96-9220 μηιοΐ/g creatinine in 13 patients),
well above the upper limit of our reference sample of
hospitalized patients. We consider that these patients,
and not the group of healthy children, represent an
adequate reference population; this is because the
samples of patients with hyperammonemia are mostly
obtained during episodes in which the children are
critically ill and in a catabolic state. This situation pre-
cipitates the disease and leads to hospitalisation.
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